Abstract. The aim of the present study was to investigate the association between coffee consumption and serum lipid levels in a study population of 122 Turkish subjects (mean age, 41.4±12.69 years), including 48 males and 74 females. A questionnaire was compiled to determine baseline characteristics, and food and coffee consumption. Subjects were divided into three groups, which included non-drinkers, Turkish coffee and instant coffee drinkers, and anthropometric measurements were acquired, including weight, height and body mass index. Serum lipid levels were analyzed, including the total cholesterol (TC), triglyceride (TG), high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C) and very low-density lipoprotein cholesterol (VLDL-C) levels. Of the population studied, 76.2% had consumed at least one cup of coffee per week over the previous year. Daily consumption values were 62.3±40.60 ml (0.7±0.50 cup) for Turkish coffee and 116.3±121.96 ml (0.7±0.81 cup) for instant coffee. No statistically significant differences were observed in the serum levels of TC, TG, LDL-C, HDL-C or VLDL-C among the three groups. In addition, no statistically significant differences were observed in the serum lipid levels when comparing individuals who consumed coffee with sugar/cream or who smoked and those who did not (P>0.05). Therefore, the present observations indicated no significant association between the consumption of Turkish or instant coffee and serum lipid levels.
Introduction
Coffee is one of the most widely consumed beverages worldwide (1,2). However, the mean annual consumption of coffee in Turkey, which has a large population of ~74 million inhabitants, is only 0.4-0.7 kg per capita. By contrast, coffee consumption per capita is 11.7 kg in Finland, 8 .1 kg in Sweden and 6.3 kg in the Netherlands (2) .
Numerous methods of making coffee are used across the world, as reported by the International Coffee Organization (http://www.ico.org/making_coffee.asp), including Arab or Turkish, drip or filter, plunger or cafetière, espresso, cappuccino, moka-napoletana, percolator, soluble or instant and flavored coffee. Previous studies have indicated that coffee consumption may result in certain health benefits (3) . To date, numerous in vitro studies, cell experiments, animal models, and epidemiological and human trials have suggested that acute or habitual coffee consumption may reduce the risk of mortality, cardiovascular disease, type 2 diabetes mellitus, obesity, liver disease and a number of degenerative diseases, such as Alzheimer's and Parkinson's, in addition to certain types of cancer (4, 5) .
The effect of coffee consumption on serum lipid levels varies depending on the method of preparation and the type of coffee (6) . Certain coffee preparation methods may result in increased serum total cholesterol (TC) and low-density lipoprotein cholesterol (LDL-C) levels (7, 8) , whereas other methods do not (9, 10) . For example, previous studies have indicated that increased consumption of unfiltered coffee results in a dose-dependent increase in serum levels of TC, LDL-C and triglycerides (TG) (11, 12) . In addition to the quantity of coffee consumed, coffee consumption habits may affect the serum lipid levels. Coffee consumption combined with smoking is known to affect serum lipid levels. A previous study revealed that smoking while consuming coffee caused the atherogenic risk to increase synergistically, with increased serum LDL-C levels and reduced high-density lipoprotein cholesterol (HDL-C) levels (13) . However, additional studies have not identified an increase in the risk of coronary heart disease as a result of this combination (14, 15) .
To the best of our knowledge, there are a limited number of studies investigating the correlation between Turkish coffee consumption and serum lipid levels. Therefore, the present pilot study was conducted with the aim of assessing the association between the coffee consumption status, including the quantity, variety and habits, and serum lipid levels in Turkish individuals.
Materials and methods
Study population. The study was conducted between January and May 2012 in Ankara, Turkey. The subject population consisted of 122 subjects (48 males and 74 females) who were inhabitants of Ankara. Subject ages ranged between 18 and 75 years, with a mean age of 41.4±12.69 years. Participants were required to meet the following criteria: No regular use of drugs or supplements with antioxidative or lipid-lowering properties, and no chronic diseases, including diabetes, coronary heart disease, cerebrovascular disease, hypothyroidism or other major diseases.
Ethical approval was obtained from the Faculty of Health Sciences of Gazi University (Ankara, Turkey). Clear explanations were provided for the patients with regard to the purpose of the study, after which written informed consent was obtained from all the subjects in accordance with the Declaration of Helsinki (World Medical Association).
Study design and setting. Subjects were required to respond to a questionnaire in order to determine their demographic characteristics, including age, education level and tobacco consumption. Anthropometric measures, including body weight (kg) and height (m), were obtained following the collection of blood samples from the participants. Body mass index (BMI) was calculated as the weight/height 2 (kg/m 2 ), and was classified according to the BMI cut-off points adopted by the World Health Organization (http://apps.who.int/bmi/index.jsp?introPage=intro_3.html). A face-to-face interview method was used to collect the data for this cross-sectional study.
Food intake and coffee consumption. Two-day food records were compiled by dieticians and the daily intake of energy, carbohydrate, total fat, fat fractions, cholesterol, total protein and dietary fiber were evaluated using a Nutrient Data Base Program (BeBiS, version 7.0; Pasifik Company, Istanbul, Turkey), adapted for Turkish individuals. The status and quantity of coffee consumption, the duration of coffee consumption (years), and the frequency and habits for eight varieties of coffee (Turkish coffee, instant coffee, cappuccino, espresso, Mirra, frappe, espresso and iced coffee) consumed by coffee drinkers in the preceding one-year period were determined. Subjects were divided into three groups, classified as non-drinkers, Turkish coffee drinkers and instant coffee drinkers, and the baseline characteristics were compared among these groups. Coffee consumption frequencies were determined as follows: Multiple times per year to less than once per month, once per month, 2-3 times per month, once per week, 2-3 times per week, 4-6 times per week, once per day, 2-3 times per day and >3 times per day. In order to standardize the questionnaire responses, coffee cup volumes were defined as 80 ml for Turkish coffee, 30 ml for espresso and 150 ml for all other varieties of coffee. Numerous factors, including coffee density/volume (dark, medium and clear), temperature, coffee consumption type (plain, milk or liquid/powder coffee cream and added sweeteners), factors affecting coffee consumption (season, working conditions and stress) and variations in consumption habits in response to these factors, were taken into consideration.
Assessment of serum lipid profiles. Venous blood was collected following overnight fasting by the subject to determine serum lipid levels. Serum concentrations of TC, TG, HDL-C, LDL-C and very low-density lipoprotein cholesterol (VLDL-C) were quantified (mM) at the Ankara Gulhane Military Medical Academy Hospital (Ankara, Turkey).
Statistical analysis.
Results of the statistical analysis are expressed as the mean ± standard deviation, frequencies and percentages. The Kolmogorov-Smirnov test was performed to determine the normality of the measurements. Standard descriptive statistics, the two-tailed Student's t-test, the χ 2 test and Tukey's test, as appropriate, were used to compare the characteristics among the three groups. The Mann-Whitney U-test was used to compare non-normally-distributed values between the groups. In the statistical analysis, various factors, including age, gender, BMI, smoking, total energy, total fat, fat fractions, fiber intake and coffee consumption habits, were considered to be potential confounding factors, as described in previous studies (7, 9, 13) . Therefore, the effects of these variables on serum lipid levels were analyzed using multivariate analysis of covariance. P-values were two-tailed and P<0.05 was considered to indicate a statistically significant difference.
Results
Characteristics of the study cohort. Assessment of the subject demographic characteristics revealed that 46.7% were university graduates, 36.9% were high school graduates, 15.6% were primary school graduates and 0.8% were illiterate.
The mean BMI of the subject population was 27.8±4.8 kg/m 2 . In total, 37.7% of the individuals were obese, 28.7% were overweight, 30.3% were of normal weight and 3.3% were underweight.
The prevalence of smoking was 22.1%, and the mean number of the cigarettes smoked per day was 15.1±8.68. The mean age for adopting a smoking habit was 19.1±83.93 years and the mean duration of a smoking habit was 16.2±9.20 years.
Coffee consumption habits. In total, 76.2% of the study population consumed at least one cup of coffee per week during the preceding year. The mean duration of consuming at least one cup of coffee per week was 14.3±8.46 years. The estimated mean consumption of all types of coffee was 89.1±117.3 ml/day. The daily consumption of the various types of coffee were as follows: Turkish coffee, 62.3±40.60 ml (0.7±0.50 cup); instant coffee varieties, 116.3±121.96 ml (0.7±0.81 cup); cappuccino, 47.9±68.82 ml (0.3±0.45 cup); espresso, 6.1±0.75 ml (0.2±0.02 cup); and filtered, 1.35±10.50 ml (0.09±0.07 cup; Table I ). No statistically significant differences were observed between genders in the daily consumption of each coffee variety (P>0.05; Table I ). No subjects reported the consumption of any variety of decaffeinated coffee.
Numerous factors, including coffee density/volume (dark, >2 g pure soluble coffee bean/150 ml water; medium, 2 g pure soluble coffee bean/150 ml water; and light, <2 g pure soluble coffee bean/150 ml water), temperature (very hot, >80˚C; hot, 70-80˚C; warm, 40-69˚C; and cold, <40˚C), coffee consumption type (plain, milk or liquid/powder coffee cream and added sweeteners), factors affecting coffee consumption (season, working conditions and stress) and the variations in consumption habits in response to these factors, were taken into consideration. Subject temperature preferences were as follows: Hot (73.3%), warm (21.8%), very hot (4.0%) and cold (1.0%). A total of 78.2% of the subjects preferred coffee of medium intensity, 16.8% preferred dark coffee and 5.0% preferred their coffee light. In addition, 55.7% of the subjects regularly consumed cane sugar with coffee, while 59.4% preferred plain coffee and 40.6% added cream or a powdered substitute. Of the 10.3% of subjects who reported that their coffee consumption habits altered by season, 90.9% reported increased coffee consumption during the winter. In addition, 89.7% of the subjects stated that working conditions did not affect their coffee consumption, while 90.7% stated that their stress level did not affect their coffee consumption (data not shown). (Table II) .
Comparison of baseline characteristics, energy and nutrition intake among the non-drinkers
Evaluation of subject energy and nutrition intake indicated that the daily protein intake and polyunsaturated fat in the diets of the Turkish coffee drinkers was lower compared with the other groups. By contrast, the daily intake of carbohydrates, fat, saturated fat, monounsaturated fat, omega 3 and cholesterol were higher in the Turkish coffee group compared with the remaining two groups (Table II) . However, one-way analysis of variance identified no statistically significant differences in the baseline characteristics or energy and nutrient intake among the participants in the three groups (P>0.05). Black tea consumption was higher in the instant coffee group Table I . Daily consumption of various coffee types by gender.
Females
Males Table III ). The serum LDL-C levels in the non-drinkers, Turkish coffee and instant coffee groups were 3.5±1.18, 3.7±0.97 and 3.3±1.12 mM, respectively. Serum HDL-C levels were comparable amongst the groups; however, the mean VLDL-C level in the non-drinker group (1.0±0.72 mM) was comparatively higher compared with the Turkish (0.8±0.36 mM) and instant (0.9±0.32 mM) coffee groups. Following adjustment of the results for confounding factors, including age, gender, smoking, BMI, black and herbal tea consumption, daily total energy, fat, polyunsaturated fat, monounsaturated fat, omega 3, omega 6, carbohydrate and fiber intakes, coffee consumption duration and habits, no statistically significant differences were identified in the serum lipid levels between the groups (P>0.05; Table III) . When the levels of serum lipids were compared with various coffee consumption habits, no statistically significant differences were observed with regards to the coffee density (dark, medium or light) and temperature (very hot, hot, warm or cold). Furthermore, mean levels of serum lipids were compared according to subject sugar/cream consumption and smoking status (Table IV) . Serum TG levels in the subjects who consumed coffee with cane sugar were observed to be higher compared with the subjects who consumed plain coffee (2.6±3.38 vs. 1.8±0.89 mM). Furthermore, serum TG levels in individuals who consumed cream or a powdered substitute were higher compared with those who did not (2.6±4.16 vs. 2.2±1.34 mM). However, no statistically significant differences were observed in the serum lipid levels when comparing subjects who consumed cane sugar and cream/powdered substitute and those who did not (P>0.05). Similarly, no statistically significant differences were observed in serum lipid levels between smokers and non-smokers (P>0.05).
Discussion
To the best of our knowledge, the present study was the first to investigate the associations between Turkish and instant coffee with serum lipid levels in Turkish individuals. In addition, Data are expressed as the mean ± standard deviation. Data were adjusted for confounding factors, including age, gender, smoking, body mass index, black and herbal tea consumption, daily total energy, total fat, polyunsaturated fat, monounsaturated fat, omega 3, omega 6, carbohydrate/fiber intakes, coffee consumption duration and habits (P>0.05). LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; VLDL-C, very low-density lipoprotein cholesterol. Table IV . Serum lipid levels (mM) of the subjects according to sugar/cream consumption and smoking status. Data are expressed as the mean ± standard deviation (P>0.05). LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; VLDL-C, very low-density lipoprotein cholesterol.
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the present study reported the coffee consumption status of 122 Turkish individuals (41.4±12.69 years) in a cross-sectional study.
One of the key findings of the present study was that Turkish and instant/soluble coffee consumption resulted in no significant alteration in the serum levels of TG, TC, LDL-C, HDL-C or VLDL-C in the study population following adjustment of the results for confounding factors. Consistent with this finding, Zargar et al (16) reported no significant changes in the serum levels of TC, LDL-C or non-HDL-C following café latte consumption in a study population of 49 adult subjects (34 females; mean age, 32.2±13.2 years). However, TG levels reduced significantly from a median of 0.85 to 0.84 mg/dl (P<0.05). By contrast, the results of numerous studies investigating the effects of coffee consumption on serum lipid levels do not concur with the findings of the present study. Urgert and Katan (17) reported that the consumption of boiled coffee increased the serum levels of TC by 0.59 mM and LDL-C by 0.36 mM, while consumption of filtered coffee increased the TC level by only 0.07 mM and did not affect the LDL-C level. In addition, a study by Naidoo et al (18) indicated that the consumption of five cups of unfiltered Indonesian coffee per day resulted in a substantial increase in serum levels of TC (0.33 mM) and TG (0.20 mM). A meta-analysis of 14 randomized controlled trials indicated that the consumption of boiled coffee increased the TC and LDL-C serum concentrations in a dose-dependent manner, while the consumption of filtered coffee resulted in a relatively small alteration in serum TC levels (19) . Thus, the method of coffee preparation and the quantity consumed have been demonstrated as important determinants of serum lipid levels. However, the daily volumes of coffee consumption for Turkish (62.3±40.60 ml; 0.7±0.50 cup) and instant (116.3±121.96 ml; 0.7±0.81 cup) coffee in all the subjects were less compared with those reported in the aforementioned studies. Furthermore, the mean annual consumption of coffee by the Turkish population is relatively low (0.4-0.7 kg) per capita compared with other countries. Thus, the discrepancies between the present study and previous studies in the observed correlations between coffee consumption and serum lipid levels were hypothesized to be due to the relatively small quantities of coffee consumed by Turkish individuals.
A number of bioactive molecules within coffee have been identified as potential mediators of the previously reported increase in serum lipid levels, including diterpene, cafestol and kahweol, which comprise ~1% of a single coffee bean (17) . Alternative potential mediators include chlorogenic and caffeic acid, polyphenols, caffeine and caffeine metabolites, such as di-and mono-methylxanthines, flavonoids, melanoidins and furans, pyroles and maltol, in addition to a variety of fat-soluble compounds found in coffee beans (20) . Diterpenes, in particular, are largely extracted from coffee beans by hot water, but are retained by a paper filter, which may explain why filtered coffee does not appear to affect cholesterol, whereas boiled Scandinavian, Turkish and Greek coffees do (17) . There are a number of plausible biological mechanisms by which coffee compounds may affect serum lipid levels. In particular, cafestol has been shown to reduce the expression and activity of cholesterol 7 α-hydroxylase, which is the rate-limiting enzyme in the classic pathway of bile acid synthesis, in cultured rat hepatocytes and the livers of apolipoprotein (Apo)E3-Leiden transgenic mice (21) . Inhibition of bile acid synthesis has been suggested as a possible mechanism underlying the cholesterol-increasing effect of cafestol. Previous studies have reported that the hypercholesterolemic effect of these components may vary depending on individual genetic variations (22, 23) . Thus, different genotypes and genetic environments may be involved in the variations observed in the effects of coffee on serum lipid levels in different populations, as found in the current study. Furthermore, the results of studies investigating the effects of major sources of caffeine on serum lipid levels have been inconsistent (24, 25) . Boekschoten et al (24) reported that the consumption of 750-1,000 ml decaffeinated coffee by 119 healthy students (60 male and 59 female) twice a day resulted in no significant alterations in serum levels of TC, LDL-C, TG and ApoB when compared with caffeinated coffee. In addition, a randomized controlled meta-analysis trial by Ricketts et al indicated that diterpenes such as cafestol, found in unfiltered coffee, increased the levels of serum cholesterol (25) . In the present study, no subjects reported the consumption of any variety of decaffeinated coffee. Thus, comparisons between the serum lipid profiles of caffeinated and decaffeinated coffee drinkers were not possible.
Notably, the present study identified no statistically significant differences in the serum lipid levels when comparing subjects who consumed coffee with cane sugar and liquid/powder cream and subjects who did not add these agents (P>0.05). Contrary to this observation, Cheung et al (26) suggested that the addition of flavoring substances, such as sugar and cream, to coffee resulted in significant alterations in the serum levels of TC, HDL-C and TG, but not in the levels of LDL. In the present study, the quantities of flavoring substances added to coffee were not recorded; thus, comparisons with other studies were not performed.
In addition, no statistically significant difference was observed in the serum lipid levels between subjects who smoked and non-smokers (P>0.05). Coffee consumption is strongly correlated with tobacco smoking. A study examining the associations between serum levels of TC and HDL-C with the consumption of Turkish coffee and cigarette smoking reported no association between smoking and the TC and HDL-C levels. However, boiled Turkish coffee consumption was independently associated with increased serum TC and HDL-C levels (27) . In addition, Salonen et al indicated that high levels of coffee consumption were associated with a reduction in the serum levels of HDL-C in smokers, but increased levels of HDL-C were observed in non-smokers (28) .
In conclusion, the results of the present study demonstrated that Turkish and instant coffee consumption did not significantly affect serum lipid levels. However, the correlations between coffee consumption habits and serum lipid levels require further investigation through epidemiological studies with a larger sample size, including different age groups and populations.
